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“F.ALLR" Is not @
binary state.

FAIRNESS IS A SPECTRUM.
THERE ARE VARIOUS WAYS
TO INCREASE FAIRNESS AND
THEY CAN BE APPLIED
INCREMENTALLY.

The FAIR Principles at go-fair.org | o




"“We've been FAIR
since before there
was a FAIR.”




Findability

If a user must know which specific archive’s service to query to search for a
data resource, the data are not Findable.

First Steps:
» Assign DOIs to data resources.
» Provide rich metadata in the DOI record.

» Include tagged metadata (schema.org, for example) on the landing
page for the data resource.
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Accessibility

If the globally unique identifier (the DOI, e.g.) cannot be used to fetch the
metadata for the data resource from the repository interface, the (meta)data
are not Accessible.

First Steps:
» Implement a DOI retrieval option in the local interface.

» If the only interface(s) requires human interaction, prioritize API
development.
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Interoperabllity

If a human must read a document to find or understand the metadata, the
data are not Interoperable.

First Steps:
» Provide metadata in machine-readable formats.

» Use standard vocabularies defined by recognized authorities that are
programmatically actionable (UAT keywords, for example) wherever
possible.
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Reusability

If the metadata for the resource do not indicate the copyright holder and
license, the data are not Reusable.

First Steps:

» If the data are known to be in the worldwide public domain, indicate that
clearly in the metadata.

» Provide both copyright holder and license in programmatically accessible
metadata otherwise.

» Use standard digital licenses (CC licenses, e.g.) with formal references.

The FAIR Principles at go-fair.org | R



Openis good. FAIR is good. Open and FAIR is the goal.

Increasing FAIRness can and should be an ongoing process.
Do the easy things first.

Seek assistance and support for the hard things.

The FAIR Principles at go-fair.org | R
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Why do we care about FAIR?

e NASA Science Information Policy (SPD-41a) says data should be FAIR.
e The principles have helped to focus conversation. It's a great foundation.
e |t's a clever acronym. Perhaps too clever by half.



What is FAIR?

e 15 principles focussed on what machines (not humans) need at a base level to ensure
the broad objectives of FAIR can be achieved.

e Of course we must consider human concerns, but that is not the focus of the principles.
They provide a technical baseline that allows us to commonly work at a higher level of
abstraction.



The 15 Principles

F1. (meta)data are assigned a globally unique and persistent identifier
F2. data are described with rich metadata (defined by R1 below)
F3. metadata clearly and explicitly include the identifier of the data it describes
F4. (meta)data are registered or indexed in a searchable resource
A1 (meta)data are retrievable by their identifier using a standardized communications protocol
A1.1the protocolis open, free, and universally implementable
A1.2 the protocol allows for an authentication and authorization procedure, where necessary
A2. metadata are accessible, even when the data are no longer available
I1. (meta)data use a formal, accessible, shared, and broadly applicable language for knowledge
representation.
|2. (meta)data use vocabularies that follow FAIR principles
13. (meta)data include qualified references to other (meta)data
R1. metaldata) are richly described with a plurality of accurate and relevant attributes
R1.1. (meta)data are released with a clear and accessible data usage license
R1.2. (meta)data are associated with detailed provenance
R1.3. (meta)data meet domain-relevant community standards



What do we know about FAIR?

A survey of NASA Scientific Data Repositories (see more detailed summary)
o 16 of 34 repositories responded (47% response rate):
o 4 Planetary, 1 heliophysics, 6 Astrophysics, 3 Earth Science, 2 Bio
o More responses still welcome

All respondents are working on FAIR

Large variability in what that means and costs

Most use their own assessment or process
o Genelab uses FAIR Evaluator and the GO FAIR Foundation Qualification.
o LSDA (not an SMD repo) uses FAIR Data Point and FAIR Evaluator.
o The Astromaterials Data System uses FAIR Implementation Profiles within a

custom process.

Many use existing community standards and assume that does the trick, e.g. IVOA,
UMM, PDS, TRUST, Core Trust Seal ..



https://docs.google.com/document/d/1Ycw_jlGdGuYlKS1OhCDyvPXD1_0yGsbYagyE6D_2OyA/edit?usp=sharing
https://docs.google.com/forms/d/e/1FAIpQLSfepn6-UVuIYfjiAODbqhB8XkG_5qHdBpg9uGxXiY5w6zFhqQ/viewform
https://www.nature.com/articles/s41597-019-0184-5
https://www.gofair.foundation/criteria
https://specs.fairdatapoint.org
https://www.nature.com/articles/s41597-019-0184-5
https://www.go-fair.org/how-to-go-fair/fair-implementation-profile/

What do we know about FAIR?

Persistent Identifiers an active area but variable adoption: 7 have PIDS on all
data, 4 have PIDs on more than half, and 5 have PIDS on less than half to
none.

Rich metadata: All but one have defined metadata standards. Those for Earth
Science and PDS seem the most comprehensive. Compliance with the
standards and general ‘richness” is uncertain, but much NASA data is very
richly described at least for humans.

Licenses: NASA data are generally very openly accessible. All the repositories
have at least human readable usage guidance, several have
machine-readable licenses, and many allow programmatic access through an
AP,



What do we know about FAIR?

e User engagement: Most of the repositories have user working groups and
help desks. They also attend relevant conferences and solicit general
feedback. Several repositories conduct user surveys. Of particular note is the
ACSI (American Customer Satisfaction Index) survey conducted annually by
the Earth Science DAACS.



Challenges

Resource constraints, especially specialized resources.

Legacy data (Levels of service?)

Provider compliance with standards and guidelines

Tracking data use and citation (Make Data Count?)

Lack of standards for | and R, especially semantics, especially challenging for
specialized data

FAIR data in the cloud
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OFAIR WG - Synopsis %HH
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* Recognizing the need to continually improve
practices for data management, stewardship, and
distribution, the NASA ESDSWG on Making
NASA SMD Data Open, Free, Findable,
Accessible, Interoperable, and Reusable
(O’FAIR) 1s establishing guidance for data
producers and distributors to enable the use of
NASA Earth science data as open and FAIR

Adapted from : Making NASA SMD-funded Earth Science Data FAIR Working Group. NASA Earthdata wiki. 2023.



OFAIR WG - Establishment %mﬂ

« ESDSWG 2022 Meeting participants proposed the Earth Science Data
System Working Group (ESDSWG) on Making NASA SMD-funded
Earth Science Data Open, Free and FAIR (O’FAIR WG) /?

* Objective: The O'FAIR Working Group aims to synthesize community
FAIR practices to provide principle-by-principle guidance on how to
apply existing practices to ensure or enable NASA SMD-funded Earth
science open and free data/information are also findable, accessible,
interoperable, and (re)usable. Our Fiee Foove Acescre lioosemse Rewse

s © O & do &
» Technical Chairs: Ge Peng and Robert R. Downs
« ESDS/ESDIS POC: Francis Lindsay

Adapted from : Making NASA SMD-funded Earth Science Data FAIR Working Group. NASA Earthdata wiki. 2023.
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OFAIR WG - General Approach %Hﬂl

» Define the scope and targeted audience by examining SPD-41a,
FAIR Guiding Principles, and related information

« Explore and 1dentify gaps, recommended practices and
improvements by reviewing FAIR, data management and
stewardship practices, adoption of standards, and FAIR
assessments at NASA and across national and international
research data communities

e Produce an inception report and draft the guide document by
synthesizing international and NASA FAIR practices, obtaining
consensus and documenting existing practices and assessments

» Develop and produce guide document and submit to ESDSWG
as the WG outcome and to ESCO for review and publication f—

Adapted from : Making NASA SMD-funded Earth Science Data FAIR Working Group. NASA Earthdata wiki. 2023.



OFAIR WG - Key Activities %m

il L ¥ el T
s febomonl Coeph e

Inaugural meeting

— Identification of contributors and interests

Monthly telecons - Invited presentations and discussions
— SPD-41a. Steve Crawford, SMD Science Data Officer
— FAIR US. Melissa Cragin, SDSC,UCSD; Rice University
— Enhancing Atmospheric Composition Data FAIRness. Gao Chen, ASDC

FAIR Practices Collection Spreadsheet
— Resources on FAIR adoption practices

In-person break-out meeting at ESDSWG Annual Meeting

— Discussion on scope and contents of guide document
T

First WG deliverable: Inception Report released

— high-level overview of community FAIR practices




O’FAIR WG - Current Status IMPACT
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Phase 3 Phase 4

Synthesizing Finalizing
38

12 mons 16 mons 20 mons 24 mons

t0 4 mons

Phase 1

Phase 2

5-8 mons

Phase 3

Phase 4

9-12 mons

Deliver > | » Inception > IR > Dra}ft > 1st Baselined
eliverables Report 1¢t Published Guide Guide for
Baseline ESCO Review

Adapted from : Making NASA SMD-funded Earth Science Data FAIR Working Group. NASA Earthdata wiki. 2023.



O’FAIR WG - Inception Report %MHI}T

« Reviews application of FAIR Principles and provides an
overview of FAIR for Earth science data

* Published publicly via the ESDIS Standards Coordination
Office (ESCO)

— Peng, et al. 2023. An Overview of Community FAIR
Practices — NASA O’FAIR WG Inception Report.
Document ID: NASA-OFAIR-ESDSWG-DOC-0001.
Version: v01r00-20230508.
https://do1.0rg/10.5067/DOC/ESCO/ESDSWG-0001V1




OFAIR WG - Guide Development %Hﬂllﬂ -

Organize key
takeaways in
initial sections of
guide document

Select
sections of
Inception
Report to

read and
review

on FAIR
Postulate\ Assessments
key : Test and
takeaways Revise all )
on FAIR Q sections for ) rev.lse
practices consistency do%llllImZnt
and propose
ideas /Organize ideas for
recommendations
1n later sections
under FAIR

Principles or
elements
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YN OFAIR WG - Draft Guide Outline %mﬂ

A PRACTICAL GUIDE

1. EXECUTIVE SUMMARY

2. INTRODUCTION

3. BACKGROUND

4. FAIR PRINCIPLES, SPD-41a, AND OTHER PRINCIPLES
5. STATE OF THE ART IN FAIR-NESS ASSESSMENT

6. CURRENT STATE OF FAIR-NESS ASSESSMENT OF NASA’S EARTH
SCIENCE DATA

7. MAKING NASA EARTH SCIENCE DATA FAIR
8. DISCUSSION

9. CONCLUSION

10. ACKNOWLEDGEMENT

11. REFERENCES

APPENDIX A. TERMS AND DEFINITIONS




Thank you!

rdowns(@ciesin.columbia.edu

ge.peng(@uah.edu
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Implementation of FAIR in 't-he"l‘ife.'-s"c’i.en'ces '

Samrawit Gebre

GenelLab Deputy Project Manager
NBISC Project Manager | | e — R
NASA AmeS ResearCh Center . ) ! . ) ) .‘ ' .NationaIAeronauticsand.'.

~ Space Administration




Space Biology Program: conducts research to use the space environment to advance our knowledge of how
gravity affects the design and function of living organisms, and to understand how biological systems
accommodate to spaceflight environments

—
Plants " /

- Animals

Cells and
Molecules |

. . &
S Sl

r‘iks- Lo 8

Microbes

'or human space travel




NASA Biological Open Science Resources

Biospecimen Sharing NASA Biological Ames Life Sciences NASA
Program (BSP) Institutional Scientific Data Archive (ALSDA) GenelLab (GL)
Collection (NBISC)

Dissection and preservation of Collection of non-human Collection and curation of Collection and curation of
rodent tissues from Flight and specimens and space mission, project, and omics data
Ground investigations. microbial culture imaging data
Coordination of internal
tissue sharing

NASA Internal Proiram Oien Source Science Proirams — Available Globalli



NASA Biological Open Science Resources

(
4 N . .
Ames Life Sciences NASA
Data Archive (ALSDA) Genelab (GL)
Collection and curation of Collection and curation of
mission, project, and omics data
imaging data
.
\_

Open Source Science Programs — Available Globall




Research Data Life Cycle
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FAIR Progress: GenelLab + ALSDA

Multi-Project
Data Portal

FINDABILITY INTEROPERABILITY

Controlled

Vocabulary,

Globally unique and Ontologies
persistent identifiers

Rich Metadata

Indexed in a searchable

resource

Broadly accessible,
shared format

FAIR vocabularies
Linked Data
References to other
(meta)data

Standard

Metadata ISA Data
Metadata _ Texplates, Model
always Data in the \ssay T
cloud Configurations achine-

open Readable Data

Transformation

Retrievable by their
identifier

Open Access

Open Authentication or
authorization procedure
where necessary
Persistent Metadata

. Rich metadata
. Data Provenance
+  Community Standards

ACCESSIBILITY REUSABILITY




Centralizing information of different types of data

osdr.nasa.gov/bio

Common online search

<A B

that is helping u!{p iﬁhbﬁf'
into deep space,

Data Repository

Explore

Open Science Projects

Submission Portal
Contribute

Open Science Projects primary goals aim to increase collaborative scientific data
sharing, analysis and more rapid scientific advancement.

GeneLab

Genelab, an open science multi-omics

repository, covering transcriptomics,
metagenomics, epigenomics, proteomics,
and metabolomics. Studies comprise of data
from model organisms including microbes,
plants, fruit flies, rodents and humans.,

Learn more Genelab

ALSDA

Ames Life Sciences Data Archive (ALSDA)
collects, curates, and makes available space-
relevant higher-order phenotypic datasets.
Datasets that enable scientists to perform
retrospective analysis across missions,
experiments, life science disciplines, research
subjects, and species.

Leam more about ALSDA

BSP

The NASA Space Biology Biospecimen
Sharing Program (BSP) collects
biospecimens to maximize the scientific
return from biological spaceflight and
associated ground investigations and to
encourage and broaden participation from
the scientific community in space biology-
related research.

Leam more about BSP

NBISC

NASA Biological Institutional Scientific
Collection (NBISC) is a biorepository of
non-human samples collected from NASA-
funded spaceflight investigations and
correlative ground studies. The purpose of
NBISC is to receive, store, document,
preserve, and make the collection available
to the scientific community.

Leam more about NBISC

General Search Filters

5 Search Datasets O Sort By:  Release Date b4
Lata Source
Genelab
tems perpage: 25 ¥ 1-250f 446 b |
Persistence of Escherichia coli in the microbiomes of red Romaine lettuce (Lactuca sativa cv. ‘Outredgeous’)- does seed sanitization
!@ matter?
Data Type
Study Seed via chemical processe: educes
Stud: Wl microbes from the external surfaces of the seed and thereby
v OSD-385 Microbiota Seed Sanitization Amplicon Sequencing 19-Apr-2024
[:| Experiment Tissue could have an impact on the plants,health or productivity. To
D Subject determine the impact .
[ Biospecimen Highlights: cgene
[] Payload

Show more v

Organisms

e

Study Search Filters

0SD-386 /

Project Type

Open Science Data Repository Search

Treatment
Seed Sanitization
Organism Part

Amplicon Sequencing

Persistence of Escherichia coli in the microbiomes of mizuna mustard (Brassica rapa var. japonica) - does seed sanitization matter?

05-Apr-2024

Seed sanitization via chemical processes removes/reduces

microbes from the external surfaces of the seed and thereby

could have an impact on the plants' health or productivity. To
the impact

Ascent Flight
T .

-l
Return Ground Control
‘L oo|oo|oo

oo|mjoo

Relative Humidity, Temperature, CO2, 02,
Airflows, Acceleration, Radiation, Acoustics, etc.

API

=
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reakdown of a Reusable Dataset: Architecture, Curation, FAIRness

investigation

0SD-488 Vsl

Characterizing SERC
of Spaceflight from R

SDA ID: LSDS-13 Initial Release Dat
DOI: 10.26030/3nve-tk61 20-Jan-2023

Cite this Study 2 <

OSDR Submission Portal

The Biological Data Management Environment (BDME) is a web-based
space-relevant data to be published in the Open Science Data Reposit

L®ning in, you will be directed to a NASA G
B " POy created, you will need to return to this log in pac
account, please register using the same email to have access to y¢

Already have a NASA Account?

Elable

/

Accessible

investigation

© Description

Description

It is well established that microgravity exposure causes significant muscle weakness and atrophy vid
disproportionate loss in muscle force and size with the loss in muscle force occurring at a faster rate
Ca2+ dysregulation has been suggested. The sarco(endojplasmic reticulum Ca2+ ATPase (SERCA)
muscle relaxation and maintaining low intracellular Ca2+ ([Ca2+]). SERCA dysfunction contributes tg
may contribute to the muscle weakness and atrophy observed with spaceflight. Here, we investigate
and raactive oxygen/nitrogen species (RONS) protein adduction in murine skeletal muscle after 35-
spaceflight led to drastic impairments in Ca2+ uptake despite significant increases in SERCA1a prot
RONS production and elevatad total protein tyrosine (T) nitration and cysteine (S) nitrosylation. Con
enhancement in Ca2+ uptake, which we attribute to a shift towards a faster muscle fiber typ L
elevated total protein T-nitration and S-nitrosylation. Thus, spaceflight affects SERCA function differ
resuits from the calcium uptake (spectrofiucrometry) assay.

Factor(s)
tology: Concepy

Space Flight

Space Mission

Organism(s)
[—
Mus musculus (-

RR-LERG
Fodnt Aesaarch | (RR1) (ARG

‘Spscstiqn Sty

misgions, We also Sari s Brock Library 0pan Azcsss Publaing Fund

Contactls)

Vil A FajarolB. Jessica L Braun, Mia S Geromell, Sophie | Harsira, Holt M Messner

|meroperable
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Breakdown of a Reusable Dataset: Architecture, Curation, FAIRness

investigation
sample

n

O BioPortal

K OBO Foundry

A Samples
Stuy Fios

Sampie Hama o Valus: Spacs i Charactoritcnsex o o SR

¢ Mission
GC11ta s antorior mala SpaceX-12 (RRE) 10 woek
OB 0sD-488
tbiaks anteriar mala SpaceX-12 (RRE) 10 wook DB Galciun Ustake

tibiais anterior male SpaceX-12 ARS) 10 week

tibiaks anterior male

Find an ontology
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Community Standards - FAIR

Radiation Biology Ontology
(RBO) is an ontology for the
effects of radiation on biota in
terrestrial and space
environments.

« C R 0 a&ny 13l bicontology.org/ontologies/REO/7p=classesiuconceptid=http?. [ “s0% . ves f¥ | | Q Searo LOoOmOomEe® =

2 Mot Vited © Geting St e

R‘a‘z‘j’iat‘u?nEiology‘Ontology L O A m I

Launched and maintained by members of OSDR
Paul Schofield, University of Cambridge
Luke Slater, University of Birmingham
Jack Miller, Lawrence Berkeley National
Laboratory
Daniel Berrios, NASA Ames Research Center
Sylvain V. Costes, NASA Ames Research
Center

Open Science Analysis
Working Groups

©p ¢ ©

® ()

Animal, Multi-Omics, Microbe,
Plant, ALSDA, Al/ML

Consist of 500+ scientists from
multiple space agencies,
international institutions, and
industry. Scientists meet monthly
with each group to provide
feedback, develop standards,
and analyze data.

Curation Standards

Use current Minimum Information
Standards for Assays

e MIXS
« MIAPE
« MIAME

Develop templates for Assays
using our scientific community
and references

Configuration Name
Status

ie., measurement then technology

Behavior (Elevated Plus Maze) Active
Flow Cytometry (Flow Cytometry) Active
Behavior (Novel Object Recognition) Active
Calcium Uptake (Spectrofluorimetry) Active
Protein Quantification (Western Blot) Active
Molecular Cellular Imaging (Light/Fluorescence

Microscopy) Active




OSDR: Access & Explore Data
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All RDSA Studies Experiments
Al Submitted In Curation In Review Req Signature Finalized Public Private
of Escherichia coli in the biomes of red Romaine lettuce (Lactuca sativa cv. ‘Outredgeous’)- does seed sanitization matter?

LN ]

~
L4
*

Seed sanitization microbes from the external surfaces of tha seed and thereby could have an impact on tha plants health or productivity. To determine the impact of seed sanitization on the

plants, microbiom sanitized and from two leafy green crops, red Romaine lattuce (L and mizuna mustard (B war. japonica) ed
L and grown iboard the Interational Plants four from 7 days The bacterial
i and oot the 165 ANA a (aPCR) and plate counts were used to reveal the persistence of E. co. E. coll persisted for longer periods of time in plants from
. saniized vérsus unsanitized 56605 and was dentifled in root tssus leaf tissue. 163 RN the of members of the phylum Proteobacteria, Firmicutes, and Bacteroidstes in
L leaf and root samples of both leafy crops. We observed minimal changes in the microbial diversity of lettuce or mizuna leaf tissue with time or between sanitized and unsanitized seeds. Beta-diversity shawed that time had more of an influence on
: all samples versus th E. coll traatmant, Our results 3 requirement for i Insight into gés in the crop could lead to healthier plants
- and safer food supglementation.
.
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## Save your volcano plot

@ it a

ggsave(file.path(DGE_plots, 'GLDS-184_volcano_DGE.png'), width = 6.5, height = 8.5, dpi = 300)

FLT versus GC

EnhancedVolcano
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Re-use of Data and Enabling New Discoveries

59 (10+ by AWGs) publications using data available in OSDR.
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FAIR Assessment
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The FAIR principles, corresponding draft FAIRness metrics, and semi-quantitative FAIRness ratings for

select omics data sistems. Metrics were those develoied bi the GO FAIR Metrics23 iroui


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6371294/#r23-2975810
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What's Next

* We will be using the information and feedback from discussions at this
webinar and upcoming workshops to select the appropriate tool(s) to evaluate
FAIRNess.

« Continue to enhance our data systems to ensure (meta)data is FAIR
 Continue working with the scientific community on FAIR

» Should we evaluate other principles such as TRUST? Certification for
repositories such as CoreTrustSeal?

« Continue to communicate budget needs to maintain and enhance FAIR
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